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THE MEASUREMENT OF GLUTATHIONE IN HUMAN EPIDERMIS
USING GLUTATHIONE REDUCTASE*
KENNETH M. HALPRIN, M.D., AND AKIRA OHKAWARA, M.D.
A sulfhydryl-containing small molecule re-
sponsible for the inhibition of melanin syn-
thesis and present within the epidermis was
postulated by Rothman in 1946 (1). In most
tissues the main non-protein thiol compound
present within cells is glutathione (y glu-
tamyl-cysteinyl-glycine) which exists in an
oxidized (GS-SG) reduced form (GSH). In this
paper a method for the determination of oxi-
dized and reduced glutathione in small tissue
samples is presented and the concentration of
these substances in human epidermis reported.
REACTION 1
Oxidized Glutathione + NADPH + H
Glutathione 2 Reduced Glutathione + NADP
Reductase
EXPERIMENTAL
Methods of measurement of reduced and oxi-
dized glutathione in current use depend either on
colorimetrie procedures which are not specific
for glutathione (2) or on enzyme assays which
are specific but require the preparation and puri-
fication of the appropriate enzyme (3). Glutathi-
one reductase from yeast is available commerci-
ally in crystalline form and has been used to
determine oxidized glutathione in various fluids
(4). The method depends upon the reduction of
oxidized glutathione in the presence of reduced
NADP (reaction 1) and is specific for oxidized
glutathione as well as irreversible under ordinary
conditions.
Reduced glutathione in a tissue extract or serum
sample could be measured by means of this same
reaction providing it could be quantitatively and
reproducibly converted to the oxidized form.
Initial measurement of oxidized glutathione fol-
lowed by oxidation of the sample and measure-
ment of the total glutathione would then give
the amount of reduced glutathione originally
present in the sample by difference.
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1. The Assay of Oxidized Glutathione
Commercial glutathione (reduced and oxidized),
glutathione reductase and reduced NADP were
used without further purification.t Oxidized gluta-
thione was measured by the decrease in the
fluorescence of reduced NADP (exciting wave-
length 340 me; fluorescent wavelength 450 mN)
in the presence of glutathione reductase. The
fluorescence of 0.1 unit of glutathione reductase
and 2 mMm of reduced NADP in 1 ml. of pH 7.4,
0.05 M "tris buffer" (containing 0.005 M EDTA
and 0.03 M MgCI2) was observed and allowed to
stabilize in the fluorometer. Ten microliters of
the appropriate solution containing oxidized
glutathione was then added and the decrease in
fluorescence followed until the reaction was com-
plete (5—10 minutes). The fluorometer was cali-
brated with known amounts of reduced NADP.
Controls without the addition of glutathione re-
ductase and without glutathione were also run.
Reduced NADP in the presence of glutathione
reductase alone will give a slight fall in fluores-
cence which is usually small (equivalent to .02
mem), but should be checked. The total reduc-
tion in reduced NADP is equivalent to the
amount of oxidized glutathione present (reaction
1). Amounts of oxidized glutathione as small as
0.02 mjtm in the reaction cuvette can be assayed.
Cystine does not react in this system.
2. The Conversion of Reduced to
Oxidized Glutathione
a. The use of hydrogen peroxide as an oxidant.
—Krimsky and Racker (5) used 0.06% hydrogen
peroxide to oxidize reduced glutathione. Complete
oxidation cnn be obtained using this method. In-
creasing the pH and increasing the concentration
of hydrogen peroxide improve the speed of the
oxidation (fig. 1). At pH 7.0 and 0.12% H2O2
oxidation of six samples after two hours incuba-
tion at room temperature gave recoveries of 94—
100%.
6. The effect of pH—The effect of pH on the
auto-oxidation of reduced glutathione is marked
(fig. 2). Maximum rates of oxidation occurred in
the region of pH 10.0 and the resulting oxidized
glutnthione was stable for at least 24 hours at
these pH's. At pH 9.0—12.0 if left for a long
enough time (24 hours) all solutions showed com-
plete oxidation of the reduced glutathione.
c. The effect of Cu.—The rate of oxidation of
reduced glutathione to oxidized glutathione is in-
fluenced by the presence of Cu in the solution
t Obtained from Sigma Chemical Co., and Cal-
biochem.
t2JN
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FIG. 1. The Oxidation of Reduced Glutathione
by Hydrogen Peroxide. 1 scm/mi. reduced glutathi-
one in distilled 1120 at beginning of incubation.
Room temperature. pH and 11202 concentration
as shown.
(fig. 3). The presence of Cu° does not lead to a
destruction of the oxidized glutathione formed,
but at high concentrations (above 1 X l0- M)
lower recoveries are found which might be due
to binding of reduced glutathione by copper since
at high copper concentrations the solutions be-
comes milky and precipitates form.
d. The effect of oxygen—Bubbling 100% oxy-
gen through the alkaline-copper-glutathione solu-
tion increases the speed of glutathione oxidation,
but does not influence the final recovery (fig. 4).
This procedure leads to evaporative losses and
introduces a source of error which is especial]y
marked if the sample is small.
e. The effect of other thiols.—If cysteine or co-
enzyme A were present in appreciable concentra-
tion within the tissue, the formation of mixed
disulfides of glutathione and other thiols during
oxidation might be expected. Addition of equal
amounts of cysteine or of cnenzyme A to reduced
glutathione solutions prior to oxidation did not
effect recovery although the time needed for
complete oxidation was slightly prolonged.
3. Final Procedure as Applied to
Human Eyidermis
The epidermis (about 10% dermal contamina-
tion) was removed from the backs of normal men
with a Castrnviejo keratome (6) without anes-
thesia. Strips weighing approximately 100 mg
wet weight were immediately frozen in liquid
N2 (within 3—5 seconds), weighed while frozen,
and homogenized at 0—3° C. in 0.6 N perchloric
acid to give a 1:10 homogenate. The supernatant
was removed after centrifugation at 3,000 X g for
10 minutes in the cold and divided into two
equal parts. Fifty mjsm of pure commercial re-
duced glutathione was added to one part as a check
on the procedure. Both parts were then neutralized
to pH 6.0 by the careful addition of 2N 1(011 and
put in the cold for 1 hour. The resulting super-
natants were decanted and assayed for oxidized
glutathione (triplicate assays). iN NaOH was
then added to the supernatants to bring the pH
to 10.0 and Cu504 was added to a final concen-
tration of 2 X 10 M. The tubes were allowed to
stand at room temperature and assayed for oxi-
dized glutathinne at half hour intervals (tripli-
cate). Reactions were usually complete within 30
FIG. 2. The Effect of pH on the Oxidation of
Reduced Glutathsone. Conditions as in figure 1
without 11202.
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H202 0.12%! at pH 7.0
7.0
H202 0.06% at pH 3.0
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Fie. 4. The Effect of Oxygen on the Oxidation
of Reduced Glutathione. Conditions as in figure 1
without 11202, pH 10.0. Copper concentration =1O M
Fia. 3. The Effect of Cu on the oxidation of reduced Glutathione. Conditions as in fig-
ure 1 without 11202, pH 10.0. Copper concentration as shown on the individual lines.
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TABLE I
The concentration of glutathion.e in the human
epidermis from the backs of normal men
02
Name Age Reducedglutathione
Oxidized
glutathione
W. R. 23 1.90* 0.078
C. H. 25 1.99 0.078
W. R. 23 1.82 0.090
L. B. 25 1.57 0.097
A. T. 50 1.57 0.111
* Figures in millimicromoles per milligram fresh
tissue.
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minutes. The reduced glutathione content of the
original tissue is determined by the difference in
amount of oxidized glutathione present before and
after oxidation. Corrections for dilution during
neutralization and alkalinization must be made as
well as a correlation for the two reduced glutathi-
one molecules needed to make one oxidized
glutathione molecule. Results of the assays are
presented in Table 1. Recoveries of the added
glutathione were between 94 and 104%.
DISCUSSION
The role of glutathione in pigment forma-
tion and in other cellular processes within the
epidermis has not been adequately studied be-
fore. This method allows such study to be car-
ried out quickly, conveniently, and with a
minimum of tissue. Epidermal glutathione
concentrations are within the limits found in
other tissues. Over 90% of the glutathione is
present in the reduced form which implies
that the mechanism for reducing oxidized glu-
tathione is quite efficient. The concentrations
of glutathione found are quite high in com-
parison with the concentrations needed to af-
fect pigment formation (7). Glutathione is
probably the main non-protein thiol compound
in the epidermis and as such may have many
important functions as a reducing compound
within the cell.
SUMMARY
A quick, simple method for determining the
oxidized and reduced glutathione content of
tissue extracts or of serum samples is pre-
sented. Amounts of tissue in the 50—100 mg
range are adequate. The smallest amount of
glutathione which can be determined in the
final reaction vessel is 2 x 10.11 moles (equivalent
of 20 micrograms of fresh tissue). Glutathione
within the epidermis is over 90% reduced. The
concentration of reduced glutathione ranges
from 1.57 to 1.99 millimieromoles per milligram
of fresh tissue.
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